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SUMMARY 
The purpose of this study was to investigate the relationships 
between the time spent by patients in obtaining medical services and the 
alternative staffing levels, policies, and projected operating conditions 
in a large outpatient clinic which dealt primarily with walk-in patients. 
The intent of the investigation was to provide an analysis which would 
assist hospital management officials in making decisions in an attempt to 
improve the service characteristics of the system. 
Data were collected in the existing system, and a simulation model 
was developed. An experiment was designed to permit the prediction of 
the probable performance of the system under the operating conditions of 
interest, to allow an assessment of the changes that occur in the time 
spent by patients in obtaining medical services as one or more of several 
factors are varied, and to permit a statistical evaluation of a proposed 
change in operating policies. Estimates of the measures of system effec­
tiveness were obtained from the data generated by the model. The analysis 
of results indicated that the number of physicians available for duty in 
the clinic, the level of patient input, and the interaction between these 
variables have a significant effect upon the mean time spent in obtaining 
medical services. The analysis also indicated that a significant reduction 
in the mean time spent in obtaining medical services could be achieved by 
adopting the modifications to existing patient scheduling policies which 
were proposed in the study. 
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Since this investigation was concerned with analyzing the patient 
flow in a specific outpatient system, the results and conclusions which 
were obtained are applicable only to that system. However, since many 
outpatient clinics operate in a similar manner, the method of attack and 
techniques of data collection and model building presented herein should 





The purpose of this research was to investigate the relationships 
between the time spent by patients in obtaining medical services and the 
alternative staffing levels, policies, and projected operating conditions 
in a large outpatient clinic. The intent of this investigation was to 
provide an analysis which would assist hospital management officials in 
making decisions in an attempt to improve the service characteristics of 
the system. The specific objectives of the study were: 
1. To develop a simulation model which could be used to analyze 
the probable results of proposed management policies or anticipated 
changes in operating conditions in the clinic and certain adjunct 
facilities. 
2. To collect real data within the existing system for use in 
model building and analysis. 
3. To determine probable patient waiting times for different 
levels of staffing over the range of current and projected patient input 
levels. 
4. To examine alternatives for improving the service characteris­
tics of the system. 
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Background 
For 196 years the United States Army Medical Department has pro­
vided medical support for the Army. During this period great advances 
have been made in the prevention and treatment of disease and injury. 
Perhaps at no time during these years has the motivation for continuing 
improvement in the management and control of medical service been so ap­
parent. This pressure for the betterment of health services is the re­
sult of many factors in our society, both within and outside the military 
community. The national shortage in the supply of physicians has been 
widely publicized as one of the primary causes of the long waiting lines 
and high cost of medical care which is prevalent in our society today. 
Steps are being taken on a national level to relieve that shortage; how­
ever, relief as a result of these measures will likely be years in 
materializing [l, p. 1484]. In the meantime other methods must be ex­
plored to improve the situation. 
Within the military community the pressure for change is particu­
larly strong. As the nation proceeds on its announced course toward the 
development of an all volunteer armed force, the importance of high qual­
ity, efficiently administered medical care as an inducement to attract and 
retain military personnel is felt to be significant. Recognition of this 
fact is widespread within the armed services. It is apparent in a recent 
article by Brigadier General Manley G. Morrison, Chief, Army Medical Ser­
vice Corps. 
A Volunteer Army--smaller, more highly paid--will be expected 
to operate more effectively. Wasting scarce manpower in long 
waiting lines for processing and for receipt of services will have 
to be absolutely minimized, not only to conserve manpower, but also 
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to eliminate the legitimate irritation that such lines create 
.... If we are going to rationally organize and administer a 
health care system that will attract and retain, instead of 
repel, young Americans, it must be a system designed not for 
our own convenience, but rather for the convenience of the per­
sons it is designed to serve. [2, p. 27] 
In pursuing these goals, the Army Medical Service has expressed a 
desire to explore the use of recent advances in operations research and 
management science techniques. This study represents an attempt to use 
one such technique in attacking the problem. 
The setting for the study was the United States Army Hospital 
(U.S.A.H.), Fort McPherson, Georgia, a 90-bed medical treatment facility 
which provides many varied services to the thousands of active and retired 
military personnel and their dependents at Fort McPherson and in 43 coun­
ties in Georgia, five counties in North Carolina, and 32 counties in 
Tennessee. The inpatient capacity of the hospital is not indicative of 
the volume of medical care which is administered within the facility. 
Approximately 14,000 persons are treated each month in the outpatient 
clinics of the hospital. This results in over 39,000 medically related 
treatments per month. 
Though the Army is undergoing a general reduction in personnel, no 
decrease in the patient load is anticipated at the Fort McPherson Hospi­
tal. This is due to the fact that the post houses a major headquarters 
element (Headquarters, Third United States Army) and serves a large number 
of non-active duty personnel over a wide geographical area. 
This study was motivated by an interest on the part of hospital 
officials in investigating the service characteristics of one of the out­
patient clinics. In particular, hospital officials were interested in 
determining what effect different levels of staffing would have upon the 
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time spent in obtaining medical services in the pediatric clinic and 
whether certain changes in operating policies might increase the efficiency 
and effectiveness with which medical services were delivered. 
The pediatric clinic is an outpatient facility which provides medi­
cal services to patients 14 years of age and under. Approximately 1600 
patients per month are examined in the clinic. It is primarily a "walk-in" 
clinic, e.g. the majority of patients arrive without an appointment. 
Two categories of patients are subject to scheduling. These are 
designated "well-baby" and "physical examination" patients by the clinic. 
Patients in the well-baby classification are children one year of age and 
under who are scheduled for examinations at regular intervals. Each child 
in this category is given an appointment for a routine examination at 
ages six weeks, three months, six months, and 12 months. It is desirable 
to separate these children from sick children. Physical examination pa­
tients are children over one year of age who are scheduled for routine 
examinations. These include pre-school and pre-camp physicals, and con­
sequently, are concentrated in the summer months. 
The pediatric clinic is authorized four pediatricians, one nurse's 
assistant, and one medical specialist by Table of Distribution and Allow­
ances (TDA) number 3AWZMNAA04, Department of the Army, dated July 15, 1970. 
The clinic currently operates with three assigned pediatricians and its 
remaining authorized staff, plus the assistance of Red Cross volunteer 
workers. 
The clinic operates Monday through Friday from 8:00 a.m. until 4:00 
p.m. Wednesday mornings are set aside exclusively for well-baby patients 
in an effort to isolate these infants from sick children. 
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Method of Attack 
To accomplish the objectives cited above, a method of attack was 
needed which would permit the prediction of the service characteristics 
of the hospital under a set of assumed conditions. Simulation is the 
process of producing models and model state histories with the objective 
of predicting or studying system behavior. It is a technique by which 
the researcher can incorporate the essential characteristics of the 
physical system which is to be studied into a mathematical model. 
Complex systems whose size and complexity defy an analytical solu­
tion are particularly amenable to simulation. In building a simulation 
model, the researcher need not attempt to describe directly the overall 
system behavior. Instead, an attempt is made to characterize individual 
events which take place in components or subsystems. Finally, the inter­
relationships of the events and components within the system are charac­
terized. The result is a model which effectively portrays those aspects 
of system behavior which the researcher considers important. This model 
can then be used to analyze the probable behavior of the actual system 
under conditions which would be extremely difficult or too costly to study 
by manipulating the real system. 
The clinic can be viewed as a large scale queuing system. Patients 
are the individual elements which flow through the system and compete for 
service at various stages in the flow. When the rate of demand for ser­
vice exceeds the capacity of an individual element or subsystem to provide 
service, waiting lines or queues are generated. 
The first step in the conduct of this study was the development of 
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the simulation model. To accomplish this, interviews were conducted with 
individuals who had a close working knowledge of the system, and the day-
to-day operation of each component of the system was observed over a period 
of several days. 
Having thus gained a thorough familiarity with the system and its 
operation, the author was able to identify measures of effectiveness which 
would permit a realistic evaluation of the system with regard to the ob­
jectives of the study. Two such measures were chosen initially. These 
were the total amount of time a patient spent in obtaining medical ser­
vices and the utilization of physicians (percentage of time physicians 
are engaged in the examination and treatment of patients and in associated 
activities such as updating patients' medical records). 
A model was then constructed which characterized the operation of 
the elements of the system and the important relationships between the 
components. Real data were collected within the existing system to permit 
this characterization, and the operation of the components of the model 
were validated through the use of these data. 
Once the model was completed, an experiment was designed to permit 
the exploration of the probable performance of the system under the oper­
ating conditions of interest and to permit testing the statistical sig­
nificance of a proposed change in operating procedures. The model was 
then manipulated using a digital computer. The results of 144 simulated 
days of clinic operation were analyzed and presented to hospital manage­
ment officials. 
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Scope and Limitations 
This research was concerned with analyzing the patient flow within 
a specific outpatient system, the Pediatric Clinic, U.S.A.H., Fort McPher­
son, Georgia. Hence, the results and conclusions obtained herein are 
applicable only to that system. They are not in general applicable to 
other outpatient or pediatric operations. However, since a great number 
of military outpatient clinics and many civilian outpatient operations as 
well operate in a manner quite similar to the clinic studied herein, the 
method of attack should be applicable to the analysis of many outpatient 
operations in this country. A similar analysis of such an operation could 
be accomplished with relatively little difficulty by collecting the appro­
priate data (arrival distributions, service time distributions, routing 
probabilities, etc.) and adapting the model to accomodate the local operat­
ing policies and parameters. 
This study focuses on the relationship of the specified measures 
of effectiveness to the variation of the input variables. It makes no 
attempt to incorporate other measures relating to the patients perception 
of the quality of medical care. Though the reduction of patient waiting 
time is a worthwhile objective, it must be augmented by a high degree of 
personal interaction between all members of the clinic staff and the pa­
tient. The quality of this interaction must go hand-in-hand with such 
quantitative measures as those emphasized in this study in order to deter­




The origins of the hospital are difficult to date. Speculation 
concerning the genesis of the hospital in the early history of man is 
primarily a function of how a hospital is defined by a particular author. 
Smalley and Freeman note the association of religion with the practice of 
medicine as early as 4000 B.C. They also chronicle the origins of the 
military hospital. 
The use of superstition and magic as a means of minister­
ing to the sick and injured was an accepted practice of witch 
doctors in ancient tribal communities, and the assemblage of 
wounded warriors following tribal combat was the earliest 
known form of military hospital, dating back to about 2900 B.C. 
[3, p. 17] 
Forerunners of the modern organized hospital have been identified 
in most of the major cultures which have arisen in history. However, 
much of the progress in medical care and treatment apparently died with 
the expiration of the civilization which gave it birth. 
The first mention of outpatient service appeared in 1664 in the 
early journals of an English hospital [4, p. 3l], From shortly thereafter 
until the present an increasing concern can be found in English litera­
ture on the subject of outpatient service. The concept of outpatient care 
became an integral part of the English system of voluntary hospitals which 
were established beginning about 1700 [3, p. 21]. The amount of care ad­
ministered on an outpatient basis grew slowly at first. But in the early 
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1800's the number of outpatients attending English hospitals began to grow 
rapidly. Overcrowding was the result. In 1869 the report of an investiga­
tion of the outpatient departments in London reveals conditions which many 
might feel accurately describes some outpatient clinics today. "The in­
vestigators reported delay, gross overcrowding, rapid and perfunctory 
examination and prescribing, and a general lack of privacy and considera­
tion for the comfort and feelings of patients." [4, p. 3l] Subsequently, 
efforts have been made over the years to improve the quality and efficiency 
of service in outpatient departments. 
Since 1905 the role of the outpatient departments in England has 
been different from that which exists in the United States. Its function 
as a part of the National Health Service is to provide examination and 
treatment upon referral of patients from general practitioners. Since the 
physicians and other clinic personnel are salaried government employees, 
the efficiency with which service is provided has been a matter of public 
concern. Hence a great deal of the current research in the area was 
carried out in England. 
Welch and Bailey [5] discussed the importance of an efficient 
appointment system in attempting to reduce patient waiting times. They 
noted that one cause of excessive waiting times was an attempt to insure 
that doctors' time would never be wasted. They constructed mathematical 
models in an attempt to achieve some balance between physicians' idle 
time and patients' waiting time by minimizing the sum of the two. They 
concluded that a reasonable balance could be obtained by giving patients 
appointments at intervals which corresponded to the average consultation 
time. This is the first mention of this philosophy which has since been 
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espoused by several contributors to the literature. 
The work of Welch and Bailey is indicative of the trend in the 
English literature on this subject. Because patients attending outpatients 
clinics are referred by general practitioners, they are, on the whole, 
subject to scheduling. Thus the solution to the problem becomes a matter 
of finding the optimum scheduling system. Investigations in this area 
have been numerous [6,7,8,9]. 
One aspect of the Nuffield studies [4] was an investigation of out­
patient departments of a number of different hospitals in Britain. The 
different scheduling practices of the outpatient departments of these 
hospitals provided the investigators with an opportunity to compare the 
associated waiting times with regard to scheduling procedures. It was 
concluded that a major cause for delay in the clinics was the scheduling 
of patients at a rate disproportionately greater than the average service 
rate. Patients were observed to have spent less time in obtaining medical 
care in the clinics which attempted to schedule patient arrivals at a rate 
more nearly equal to the average consulting rate. 
More recent studies in both this country and England have increas­
ingly relied upon operations research techniques. Simulation, in par­
ticular, has been widely used. One of the first attempts to apply the 
technique of simulation to a problem of this sort was reported in 1959 
by Gabrielson [lO]. A manual simulation was used to evaluate a proposed 
change in the pattern of patient flow in an outpatient clinic under cer­
tain assumed conditions of patient input. The results indicated that the 
proposed system of patient flow would result in a decrease in patient 
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waiting time in the clinic. 
Simulation has also been used to aid the facilities planning pro­
cess in hospitals. Most attempts have concentrated upon forecasting the 
number of examining or operating rooms which would be required to effec­
tively process a predicted number of patients [11,12,13]. Sumner [14] 
reported the development of a methodology for long range facilities 
planning which relied heavily upon simulation. 
Several other studies have used simulation to analyze alternative 
appointment systems and the ramifications of patient scheduling in out­
patient clinics. In a study undertaken in 1952 and reported in 1964, 
Jackson [15] analyzed the operation of a physician in private practice. 
He modeled the practice as a single server queuing system and tested al­
ternative scheduling schemes by computer simulation. His analysis led to 
the conclusion that a good balance could be achieved between patient and 
physician waiting times by scheduling patient arrivals such that "... 
the ratio between average consulting time and the patient interarrival 
time is between .85 and .95 " [15, p. 222] 
Other types of appointment systems have also been advocated in the 
literature. White and Pike [16] proposed a new type of scheduling pro­
cedure in which several patients were scheduled at intervals much smaller 
than those normally associated with block scheduling procedures. 
Another appointment system was proposed by Soriano [17]. In this 
system two patients were scheduled simultaneously at an interval approxi­
mately equal to twice the average service time. This system compared 
quite favorably with the one-at-a-time scheduling system in Soriano's 
analysis. 
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None of the previously mentioned studies grapples with the problem 
of the walk-in patient. This is certainly understandable in the British 
outpatient environment because patients are referred to the clinic by 
general practitioners and, hence, walk-ins are practically non-existent. 
However, in this country, outpatient clinics must often perform the func­
tions of initial diagnosis and treatment. Hence, the walk-in patient 
represents a problem which cannot be neglected. Though the literature 
contains no reference to studies of clinics which are predominantly 
walk-in, several studies consider the effect of walk-ins upon scheduled 
clinics. 
One attempt to include an analysis of the effect of walk-in 
patients [l8] led to the conclusion that they could be accommodated in 
* 
the time slots of no-shows. 
This philosophy was refuted by Fetter and Thompson [19]. They argue 
on the basis of two studies which were undertaken in Air Force hospitals 
in 1963 that an imbalance often exists between the number of no-shows and 
the number of walk-ins in a particular clinic. The Fetter and Thompson 
study also uses simulation to assess the effect of several variables upon 
patient waiting time and physician idle time in a scheduled outpatient 
clinic operation which allowed walk-ins. Several notable conclusions 
were drawn from the analysis of simulation results. Increasing the patient 
load (percentage of available appointments filled) was found to increase 
patient waiting time and decrease physician idle time. Both physician 
and patient unpunctuality were found to have the effect of increasing 
Patients who arrive without appointments. 
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patient waiting times. It was also concluded that clinic productivity 
was lowered with no effect on waiting times when the interval between 
appointments is greater than the average service time. This study repre­
sents an important contribution to the literature. However, the study 
made no attempt to investigate the service characteristics in a predomi­
nantly walk-in, as opposed to scheduled, clinic environment. 
Two recent studies [20,2l] follow along the same lines as the 
Fetter and Thompson study. Both papers report attempts to improve the 
existing clinic operations by altering the operating policies within the 
system. Since both studies deal exclusively with scheduled clinic opera­
tions, neither provides additional insight into the walk-in patient 
problem. 
The results of the literature survey indicate a general lack of 
information concerning the analysis of outpatient operations which cater 
primarily to the walk-in patient. Although the problem presented by the 
walk-in patient has been identified, it has either been disregarded com­
pletely in quantitative analysis or treated indirectly as a disrupting 
phenomenon which complicates the operation of scheduled clinics. The 
study described herein attempts to investigate the operating characteris­
tics of an outpatient clinic which deals primarily with walk-in patients. 
In addition to providing information for use by management in the hospital 
under study, the results should be of general interest because of the lack 




Preliminary investigation of the clinic operation led to the 
conclusion that the facility could best be characterized for the purposes 
of this study as a large scale service system. This system is composed 
of elements which have the capability to provide various services upon 
demand. The units of flow are patients who enter the system to obtain 
medical services at one or more of the individual service facilities within 
the system. Because service facilities--doctors, technicians, equipment, 
etc.--are not available in unlimited quantities, waiting lines or queues 
are formed as patients compete for these scarce resources. Each patient 
must pass through several of these service facilities and thus faces the 
possibility of having to wait for service at each station. 
An early step in the analysis was the development of a flow diagram 
to depict in simplified form the general flow of pediatric patients 
through the system. Figure 1 illustrates graphically the entry points 
and paths of flow of the different categories of pediatric patients within 
the system. Since the system includes facilities which serve all out­
patient clinics of the hospital, the pediatric patients must also compete 
for services at these stations. Hence, it was necessary to incorporate 
these system characteristics into the model because of their influence 
upon the time spent by pediatric patients in obtaining medical services. 





































Figure 2. Pediatric and Non-pediatric Patient Flow 
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General System Description 
For the purposes of this study, the "system" is composed of the 
pediatric clinic and those adjunct facilities within the hospital complex 
which have an influence upon the time spent by pediatric patients in ob­
taining medical services. These include the records acquisition facility 
(records room), the radiology facility, and the medical laboratory. 
The pediatric clinic operates Monday through Friday of each week. 
Under the current operating policies Wednesday mornings are reserved ex­
clusively for well-baby patients. Walk-in patients are permitted entry 
to the clinic on Monday, Tuesday, Thursday, and Friday between the hours 
of 7:30 a.m. and 3:30 p.m. and on Wednesday from noon until 3:30 p.m. 
All administrative and technical personnel who staff the clinic provide 
services during these hours. Pediatricians who are assigned to the clinic 
do not become available to provide services until 8:00 a.m. Consultations 
with patients begin at that time with the exception that one of the as­
signed pediatricians is required to make a daily visit to the nursery at 
8:00 a.m. The services of this physician are not available in the clinic 
until his return from the performance of this duty. Each pediatrician is 
authorized a one hour lunch break. In addition, it is accepted practice 
for each pediatrician to take two coffee breaks daily, one each in the 
morning and afternoon. Operation of the clinic is terminated daily at 
4:00 p.m. or when the last patient has exited the system, whichever is 
later. 
The records room is in operation 24 hours a day. During the hours 
of pediatric clinic operation two servers are available continuously to 
obtain the medical history records for walk-in patients. Laboratory 
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service is also provided continuously during the hours of pediatric clinic 
operation. Radiology service for the categories of patients described in 
this study begins at 8:00 a.m. and continues throughout the duration of 
pediatric clinic operation. This facility contains three x-ray rooms 
which are staffed continuously during this period; however, two of these 
rooms are reserved for scheduled procedures from 8:00 a.m. until 10:30 a.m. 
daily. 
Two broad categories of patients may enter the system. They are 
designated pediatric and non-pediatric for the purposes of this presenta­
tion. The latter category is composed of patients who make no demand upon 
the services offered in the pediatric complex, but who may have an effect 
upon the time spent in the system by the pediatric patients. These pa­
tients affect the flow of pediatric patients at three points in the sys­
tem: the records room, the laboratory, and the radiology department. 
There are three types of pediatric patients: walk-in, scheduled, 
and "in-house only." The latter classification denotes patients who make 
a demand for service only at the in-house treatment facility. The majority 
of these patients are individuals who require immunizations or certain 
pharmaceutical items which are stocked in this facility. These patients 
enter the system at the in-house treatment facility. They wait for and 
obtain service therein and then exit the system. Well-baby and physical 
examination patients constitute the scheduled category. These patients 
are scheduled by hospital central scheduling for entry into the clinic at 
a specified time and date. Since records for scheduled patients are dis­
tributed to the clinic prior to the designated appointment time, patients 
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in this category proceed directly to the pediatric clinic and enter the 
system by reporting to the sign-in desk. After providing the necessary 
information to the Red Cross volunteer worker located there, these pa­
tients wait for and obtain the services of a pediatrician. Upon comple­
tion of the examination, these patients depart the system. 
Walk-in patients constitute the majority of input to the clinic. 
They are further classified as emergency, recheck, or routine. Patients 
in the latter two classifications are required to obtain their medical 
records before proceeding to the pediatric clinic. Upon entering the 
clinic (Figure 3), the patient must present his records at the sign-in 
facility A and be processed there. At this station each patient 
provides a brief statement of the nature of his illness and states his 
preference for a particular pediatrician if he so desires. He is given 
a priority based upon his classification and the apparent nature and 






When processing has been completed at the sign-in facility, patients 
in­
patients who return for reconsultation after having been referred 
earlier on the same day to the laboratory or x-ray. 
Patients who have been directed by a pediatrician to return to 
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Figure 3. Pediatric Clinic Layout 
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wait in the main waiting area B and are called forward to the exam­
ining rooms C as they become available. They are called forward on 
a first-come-first-served basis within priority groups. Each pediatrician 
alternates between two examining rooms. 
Consultations take place in the examining rooms. Upon completion 
of a consultation, one of several dispositions is directed: 
1. Patient may depart the clinic. 
2. Patient may depart the clinic via the in-house treatment 
facility. 
3. Patient may go to the laboratory. 
4. Patient may go to the x-ray facility. 
If either disposition four or five is directed, the patient proceeds to 
the appropriate facility outside the pediatric clinic. When the necessary 
tests have been completed at that station, the patient returns to the 
pediatric clinic waiting area B . In the case of laboratory tests, 
the patient waits until the results of those tests are called to the 
clinic. At that time the patient is given a higher priority (return) and 
is called for a reconsultation on a first-come-first-served basis within 
the new priority group. Patients who go to the x-ray facility are re­
quired to wait there until the film is processed. The processed film is 
then hand carried back to the clinic by the patient. Upon re-entering the 
waiting area B , he is given the return priority and is processed in 
the same manner as described above. After completing the reconsultation, 
these patients may either make a direct departure or leave via the in-house 
treatment station. It should perhaps be noted that the term direct depar­
ture does not necessarily imply that a patient leaves the hospital complex. 
22 
A patient may, for example, be admitted as an inpatient to the appropriate 
ward. A patient so classified does, however, make a direct departure 
from the system described in this study since no further demand is made 
on the services which are provided within the system. 
Walk-in patients who are given the emergency classification follow 
the same general pattern of flow that was described above; however, several 
differences exist since every effort is made to expedite the delivery of 
services to these patients. Emergency patients bypass records acquisi­
tion and report directly to the pediatric clinic. The arrival of an 
emergency patient causes one pediatrician to interrupt whatever service 
is being administered at the time, and he directs his attention immedi­
ately to the emergency patient. Any subsequent treatment within the 
clinic is also provided on the same basis. 
Data Collection 
An early step in the analysis was the identification of a need to 
collect data within the existing system so that system parameters could 
be characterized. After the initial meeting with the clinic staff and 
preliminary observation of the system, it became obvious that the data 
collection effort would have to be designed so that interference with the 
normal system operation would be minimal. This was necessary for two 
reasons: 
1. So that the data would accurately reflect the true character­
istics of the system. 
2. So that the participation of clinic personnel would not de­
tract from the performance of their primary duties. 
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Three methods of data collection were employed in the conduct of 
the study. The first was direct observation of an activity or sequence 
of activities which could be observed from one position. All arrival 
time data and some service time data were collected in this manner. The 
process of collecting data by this method consists of observing events 
that occur at a point in the system and transcribing the appropriate entry 
onto a data sheet. This is not a difficult operation; hence, it does not 
require trained personnel. During a portion of the data collection 
period, the author was assisted in this effort by ambulatory active-duty 
inpatients. A short briefing prior to a period of data collection was 
sufficient in most cases to insure the proper accomplishment of the task. 
The second method of data collection was basically the same as 
that described above; the difference was that these data were collected 
by clinic personnel. The advantages of utilizing clinic personnel to 
assist in data collection are obvious. First, there is less of a tendency 
to depart from the regular work pace because of the presence of outsiders. 
Another advantage is that fewer additional personnel are needed to col­
lect data. Finally, there is the matter of professional ethics. In the 
collection of pediatrician service time data, there was a reluctance on 
the part of the pediatricians to permit non-clinic personnel to be pres­
ent during patient consultations. Hence, the use of clinic personnel to 
assist in the collection of those data overcame a potential problem. The 
disadvantages of this method are twofold: 
1. Since this effort is not the primary duty of clinic personnel, 
there is a tendency to overlook data collection, especially when the clinic 
is quite busy. Hence, periodic checks are necessary to insure that the 
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data are being collected properly. 
2. There is some degree of interaction between the collection of 
data and the normal accomplishment of the primary duty of the personnel 
involved. Though this represents a potential problem in general, its ef­
fect on the collection effort associated with this study was found to be 
negligible. 
Data were also collected through the use of a printed form. A 
sample form is shown in Figure 4. This form was attached to the medical 
record of each scheduled or walk-in patient during his processing at the 
sign-in desk and was carried by the patient as he progressed through the 
system. Patients were not permitted to make entries on the form. The 
same advantages and disadvantages accrue to this method as were noted for 
the previous method. An additional disadvantage was that some patients 
lost the form during their progress through the clinic. Hence, additional 
sampling was necessary by direct observation as a check on the data 
gathered in this manner. 
During the conduct of the study, all time data were collected to 
the nearest whole minute. An initial attempt to collect these data in 
smaller units proved to be infeasible due to the burden imposed upon those 
clinic personnel who assisted in the collection effort. Although more 
precise estimates of system parameters could have been made if smaller 
time units had been used, the accompanying undesirable effect upon the 
normal progress of clinic activity was considered to more than offset the 
benefit which might have resulted from the increased precision of the 
estimates of system parameters. 
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Figure 4. Data Collection Form (Patient) 
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Data collection was accomplished during two periods. The first 
was a two week period during the month of February, the month in which 
hospital officials anticipated the highest level of patient input. The 
second was a four week period during June and July, a period during which 
the clinic had historically experienced its lowest level of patient input. 
Two broad classes of probability distributions must be described in 
the study of any queuing system. These are the distributions of inter­
arrival times for units entering the system and the distributions of ser­
vice times for the various service facilities within the system. The 
process of defining these classes of probability distributions was accom­
plished in basically the same manner. First, the appropriate data were 
collected. These data were then summarized in the form of frequency dis­
tributions. At this point in the process a guess was made about the form 
of the distribution; i.e., it was hypothesized that the distribution of 
the variable under consideration followed some known distribution. Once 
the form of the distribution had been hypothesized, its parameters were 
estimated. Finally, the data were compared with the hypothesized distri­
bution to determine whether the particular distribution selected ade­
quately characterized the random variable under consideration. 
Five different arrival distributions were identified for the pur­
poses of this study: 
1. Pediatric arrivals on MTTHF (Monday, Tuesday, Thursday, and 
F r i d a y ) . 
2. Pediatric arrivals on Wednesday afternoon. 
3. In-house only arrivals. 
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4. Non-pediatric arrivals at the records room. 
5. Non-pediatric arrivals at the x-ray facility. 
In applying the process noted above to the study of these distributions, 
data were collected for each of the categories of patient arrivals. The 
time of each arrival was noted on a data collection sheet. From these 
raw data the numbers of arrivals during intervals of a fixed length were 
easily computed. Because of the nature and large size of the calling 
population (patients eligible for the services provided in the system), 
stability and statistical independence were assumed. However, investiga­
tion of the daily patterns of arrivals led to the conclusion that a re­
lationship existed between the mean arrival time and the time of day in 
each of the distributions under consideration. Since there were a large 
number of chance factors which had an influence upon the patient arrival 
times, it was hypothesized that the interarrival times were exponentially 
distributed with a mean which varied according to the time of day. An 
estimate of the mean at any point in time required the observation of a 
large number of arrivals in an interval of time surrounding that point; 
hence, a procedure was needed which would negate the need for a massive 
data collection effort while providing an adequate description of the 
behavior of the mean. 
To examine how this was accomplished, consider as an example the 
distribution of pediatric arrivals on MTTHF at the records room. Ini­
tially, the day was divided into thirty minute intervals, and the number 
of arrivals in each interval was plotted on a time scale. The general 
behavior of the mean rate of patient arrivals was evident from an examina­
tion of this graphical device. The rate of arrivals rose from an initial 
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value at the time of clinic opening (7:30 a.m.) and peaked between 8:45 
a.m. and 9:45 a.m. The rate dropped until noon, then increased again to 
a second, but lower, peak in the interval 1:00 p.m. to 1:30 p.m. From 
this peak the rate showed a steady decline until the closing time (3:30 
p.m.). Due to the need for computational efficiency and the generally 
steady rates of increase or decrease between the inflection points on the 
curve, it was decided that the curve could be adequately described by ob­
taining good point estimates of the parameter value at the inflection 
points and assuming that the mean varied linearly between each set of 
points. The procedure used to determine the value of the parameter at the 
inflection points was a technique described by Hines [22]. For example, 
consider the value of the parameter at 9:15 a.m. An interval (8:45 -
9:45) was constructed around this point. An estimate of the mean rate of 
arrivals, \, was obtained by dividing the total number of arrivals by the 
total time of the 361 observed arrivals. 
* _ 361 arrivals 
104 intervals X 15 minute/interval 
= .231 arrivals/minute 
It can be shown that this estimator is unbiased, consistent, and a maximum 
likelihood estimator [22, p. 177]. If the arrivals are indeed random, 
i.e., if the interarrival times are exponentially distributed, the prob­
ability that n arrivals will occur in a fixed interval of length t 
* 
will follow the Poisson distribution. The theoretical frequency of 
This relationship between the Poisson and exponential distribu­
tions is well known. Further discussion of the principles involved can 
be seen in references 22 and 23. 
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arrivals for the Poisson distribution can be easily computed, and the 
hypothesis that the distribution of arrivals in this interval follows the 
Poisson distribution can be tested by comparing the observed frequencies 
of arrivals to the theoretical frequencies for a Poisson distribution 
with parameter X. The calculations described above are shown in Table 1. 
Table 2 shows the application of a Chi-square Goodness of Fit Test to the 
hypothesis. The hypothesis could not be rejected at the five percent 
level of significance. Point estimates of the parameter value at other 
time points were obtained in a similar manner. The resulting behavior of 
X for the arrival distributions is shown in Figures 5 and 6. 
Service time data were collected by all of the methods described 
earlier. The basic process of describing the various service time dis­
tributions was identical except that no relationship was noted between 
the mean service time and the time of day. The distributions of service 
times for the functions performed in the system are shown in Table 3. 
Hypotheses with respect to these distributions were tested successfully 
at the five percent level of significance. The service times for records 
acquisition were found to be exponentially distributed. Parameter esti­
mation and hypothesis testing followed the procedure used above for arri­
val distributions. The distribution of service times for walk-in patients 
was found to be Erlang or hypoexponential. An estimate of the mean service 
time, G, was obtained which had the same properties noted above for the 
mean arrival rates. An initial attempt to fit the observed data to an ex­
ponential distribution failed. Since the observed data showed less vari­
ability than the exponential distribution, it was decided to attempt to 
fit an Erlang distribution. Trial values of k were selected and a good 
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Table 1. Summary of Pediatric Arrivals (8:45 - 9:45) 
(1) (2) (3) (4) 
Number of Arrivals Frequency of Number \W Value Total Number 
During 15-Minute Intervals Having in of Arrivals 
Interval Number in Column (1) Column (1) (4) = (1) X (2) 
0 2 104 0 
1 13 102 13 
2 16 89 32 
3 21 73 63 
4 24 52 96 
5 17 28 85 
6 6 11 36 
7 4 5 28 
8 1 1 8 
TOTAL 104 361 
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Table 2. Chi-Square Goodness of Fit Test 
Number of Arrivals 
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Figure 5. Behavior of Mean Rate of Arrivals at Records Room 
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Figure 6. Behavior of Mean Rate of Arrivals at 
In-house Treatment and Radiology 
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Laboratory (total time absent 
from pediatric clinic) 
Nursery Check (total time absent 
from pediatric clinic) 
Erlang (k = 2; LL = .124) 
Normal (LL = 9.043; o 2 = 1.862) 
Normal (LL = 11.912; a 2 = 4.933) 
Erlang (k = 4; LL = .199) 
Exponential (LL = .485) 
Erlang (k = 4; LL = .190) 
Normal (LL = 72.24; o 2 = 811.78) 
Normal (LL = 50.76; a 2 = 444.27) 
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fit was obtained for k = 2. The distributions of service times for in-
house treatment and x-ray service were also found to be Erlang. The 
parameters for these distributions were estimated in the same manner. 
The examination times for well-baby and physical examination patients 
were found to be normally distributed. The well known estimators 
n n 
Y x. V (x. - x ) 2 
— i=i , i=i , , x = and s = - were used to estimate the means and n n - l 
variances of these distributions as well as for the two normal distribu­
tions which follow. 
The last two distributions listed in Table 3 are not service time 
distributions in the usual sense of the term. However, because of the 
approach used in modeling these operations, they were treated as such for 
hypothesis testing. Both the time spent away from the pediatric clinic 
by the pediatrician making the daily nursery check and the time spent 
away from the clinic by patients obtaining laboratory services were found 
to be normally distributed. 
It was also necessary to collect data for the description of pa­
tient characteristics and routing probabilities within the system. Data 
for estimating these probabilities were obtained by the methods described 
earlier in this chapter. Estimates regarding patient characteristics 
were obtained by dividing the number of patients who possessed a certain 
characteristic by the total number of patients who were observed in the 
sample taken for that purpose. For example, in a sample of 401 walk-in 
patients, six were given the emergency classification; hence, the estimate 
of the fraction of walk-in patients who are classified as emergency cases 
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was 2̂ QJ = -015 or 1.5 percent. Estimates of routing probabilities were 
obtained similarly. For example, the fraction of patients who make a 
direct departure from the system upon completion of consultation with a 
pediatrician was = .521 or 52.1 percent; hence, this figure became 
the estimate of the probability of occurrence of that event. 
Model Synthesis 
The philosophy and general approach to modeling in this study are 
described in Chapter I. The system was modeled for computer simulation 
using a general purpose simulation language, General Purpose System 
Simulator II (GPSS I I ) . GPSS II is basically a transaction-flow language; 
hence, it is well suited for the purposes of this study. A detailed de­
scription of the language and its characteristics can be found in refer­
ence 24. A flow diagram of the basic program which was developed is 
shown in Appendix I. A compilation of this program which lists the 
GPSS II statements necessary for implementation is shown in Appendix II. 
The program was processed on a UNIVAC 1108 model computer. An average 
run time of approximately 14 seconds was experienced for the simulation 
of one day of clinic operation. Output from the program included the 
compilation of statistics for the measures of system effectiveness. 
These were the total time spent in the system for walk-in and scheduled 
patients, the utilizations of each service facility within the system, 
and the clinic closing time. Many other statistics not referenced directly 
in this study were also collected by the program. 
A time interval of one simulator clock unit for each .01 minute of 
real system time was selected for running the simulation model. Though 
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no additional accuracy was obtained due to the fact that data were accu­
rate only to the nearest whole minute, the smaller simulator time units 
were necessary to insure that truncation inherent in the GPSS II system 
computations would not adversely affect the simulation. 
A simplified GPSS flow diagram which depicts the basic characteris­
tics of the model is shown in Figure 7. Walk-in patient generators which 
are represented by single blocks in Figure 7 were composed of a segment 
of four blocks which act together to generate flow units according to the 
exponential distributions identified during the data collection process. 
In the segment shown in Figure 8, block 17 creates a flow unit (transac­
tion) which immediately enters block 18. This block then refuses entry 
to any other transaction until the unit currently being processed in the 
segment of blocks 18, 19, and 20 exits block 20. The transaction moves 
immediately to block 19 which evaluates function 19 and assigns the value 
of that function (mean time between arrivals as a function of clock time) 
to position 11 in the parameter field of the transaction. Then the trans­
action is held in block 19 for a period of clock time equal to the prod­
uct of the value in parameter 11 and a value obtained by evaluating 
function 20 (the exponential distribution). When this period of simula­
tion time has elapsed, the transaction moves through block 20 and into 
the system, and another transaction enters block 18 to begin the cycle. 
The output from this pseudo-generator accurately represents walk-in pa­
tients entering the system with an exponential interarrival time distribu­
tion having a variable mean. 
Simulating the arrivals of scheduled patients was less complicated. 
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Figure 8. Pseudo-generator 
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Transactions representing these patients were generated directly into the 
system at their scheduled times of arrival. By so doing, the model im­
plicitly assumes that scheduled patients are punctual. This assumption 
was felt to be justified in this study for two reasons: 
1. Scheduled patients represented only a small percentage of the 
total patient load. 
2. The main thrust of the study was toward the analysis of the 
characteristics of services rendered to walk-in patients. 
Each transaction which is generated is assigned a priority in ac­
cordance with the probabilities developed during data collection. In 
addition, each transaction has assigned to its parameter field certain 
numbers or variables which identify such characteristics as patient cate­
gory, classifications within categories, and physician preferences. These 
parameter values and priorities are accessed at various points in the 
model to determine the route a particular transaction will take through 
the system, order of entry into facilities, and the time spent in obtain­
ing services at different facilities. 
Transactions in the system progress from block to block within the 
model just as patients move within the real system. The transactions 
wait in queue blocks until the facility to which they are directed is 
vacated. The queue discipline in the simulation model is FIFO (first-
in-first-out) within assigned priority groups for all transactions except 
those which represent emergency patients. These transactions interrupt 
facilities which are providing services to other types of transactions in 
the same manner that emergency patients interrupt the normal flow of ser­
vices in the real system. 
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The service time distributions which were identified during data 
collection are represented by functions in the program. When a transac­
tion enters a block which represents a service facility, one of these 
functions is evaluated to determine the amount of simulation time which 
the transaction will spend in the block. 
When a transaction departs one of the blocks which represents a 
pediatrician consultation, it is directed to either (1), (2), (3), or (4) 
(see Figure 7), according to the routing probabilities associated with 
the type of patient it represents. Transactions entering (1) exit the 
system. Those units which enter (2) compete for service in that segment 
of blocks with transactions representing in-house only patients before 
exiting the system. Transactions which are routed to the chain of blocks 
in (3) compete with units generated in P to enter one of the blocks 
representing x-ray rooms; then they compete again to enter the block which 
represents the film processor. When a transaction departs segment (3), it 
is rerouted to the main waiting room queue to wait for and obtain re-entry 
to the block representing the pediatrician who requested the x-ray. 
The process of obtaining services in the medical laboratory was 
modeled in a different manner. Because of the complexity of the operation 
of the laboratory, modeling the process of obtaining the many and varied 
services offered therein would have been an extremely time consuming ac­
tivity; it would have required the description of numerous service time 
distributions. Hence, this process was modeled as a single service facil­
ity with unlimited capacity within which transactions were held during 
program execution according to a service time distribution which was 
developed for this purpose. This distribution described the period which 
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elapsed from the time a patient was referred to the laboratory until the 
appropriate test results were made available to the pediatric clinic. 
Thus the laboratory was treated as a "black box." No information was 
gained about that which transpired inside; however, since an analysis of 
the laboratory was not an objective of the study, this technique provided 
an adequate description of the process without the necessity of a massive 
data collection and analysis effort within the laboratory. 
Periods of unavailability for service facilities were modeled 
through the use of time keeping transactions. These transactions were 
generated at the appropriate times to enter and occupy the facilities, 
thus rendering them unavailable for normal activity, for the necessary 
interval of time. Such activities as the absence of a pediatrician for 
nursery check, lunch breaks, and coffee breaks as well as the unavail­
ability of x-ray rooms during certain periods of the day were modeled in 
this manner. Detailed GPSS block diagrams of several of these program 
segments are shown in Figure 9. 
During both of the data collection periods, the pediatric clinic 
was involved in staff transition with the number of pediatricians present 
in the clinic varying from day to day and even during the course of a day 
as newly assigned pediatricians settled into the clinic routine and de­
parting staff members prepared for their termination of service. Since 
the system was in a state of transition during these periods, it was not 
possible to collect data which would permit a meaningful quantitative 
validation of the model. However, inspection of the results of check runs 
of the completed model by the author and by experienced hospital management 
personnel indicated that the model adequately represented the system. 
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This segment sends the pediatricians to lunch. 
Figure 9. Detailed GPSS Flow Diagram of Miscellaneous Program Segments 
Figure 9. Continued 
This segment holds 
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EXPERIMENTAL DESIGN AND RESULTS 
Experiment 
There were three general considerations which motivated the design 
of this experiment. First, an experiment was needed which would permit 
the prediction of the probable performance of the system under the oper­
ating conditions of interest. Second, it was desirable to have an exper­
imental design which would allow an assessment of the changes that occur 
in the response as one or more of several factors are varied. Finally, 
an experiment was needed which would permit the statistical evaluation of 
an alternative to the existing operating policies within the clinic. 
After consultation with hospital officials, it was determined that 
the dominant response for purposes of decision making would be the time 
spent by pediatric walk-in patients in obtaining medical services within 
the system. Since this category of patients was not deemed to be subject 
to scheduling and since it was the policy of the pediatric clinic to pro­
vide medical services to all such patients on the day that these services 
were demanded, other measures of effectiveness were considered to be of 
secondary importance. 
Consequently, a decision was made to base the analysis primarily 
upon the time spent by walk-in patients in obtaining medical services in 
the system. However, it was considered necessary to provide data concern­
ing the time spent by scheduled patients in obtaining medical services, 
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the utilization of pediatricians, and the duration of clinic operation 
for consideration by the decision maker. The underlying philosophy was 
that if these three measures of effectiveness were within "acceptable" 
limits, then the decision maker would be able to base his analysis upon 
the primary measure of effectiveness. In cases where one or more of these 
values fell outside a reasonable range, the decision making process would 
presumably be dependent upon some qualitative combination of all four of 
the measures of effectiveness. It should perhaps be pointed out that if 
the relative values of these measures of effectiveness could be quantified 
along with the cost of different levels of staffing, choices between al­
ternatives could be made on a quantitative basis; however, since hospital 
officials were unwilling to weight the different measures of effective­
ness, no attempt was made to incorporate this type of analysis procedure 
into the study. Instead, it was decided to base the analysis upon the 
primary system response while providing data concerning the other responses 
in tabular form for consideration by the decision maker. 
Three system parameters which had been identified during the course 
of the study were selected for variation in the experiment. These were 
the number of pediatricians in the clinic (N), the level of patient input 
(I), and the type of day(D). Three levels of N (two, three, and four ped­
iatricians) were considered since these were the numbers of pediatricians 
which the hospital might reasonably expect to have made available by 
higher authorities in the foreseeable future. Four levels of patient in­
put were considered: 
1. Present summer input. 
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2. A 25 percent increase to summer input. 
3. Present winter input. 
4. A 25 percent increase to winter input. 
Levels two and four were selected by hospital management officials based 
on projected increases to current input. Examination of recent histori­
cal records of patient input and the results of data collection during 
both summer and winter input conditions led to the conclusion that peak 
winter input could be considered to be 40 percent greater than summer in­
put. Hence, four quantitative levels of input were obtained. Since 
clinic operating policies considered two types of days (MTTHF and Wednes­
day), it was necessary to consider D at two qualitative levels. 
During the course of preliminary analysis of the system, an alter­
nate set of operating policies was developed for the clinic which, it was 
felt, might increase the effectiveness of clinic operation. Hence, a 
fourth factor, the clinic operating policies (S), was included in the ex­
periment. During the periods of preliminary observation of the system and 
data collection, it was noted that under existing clinic policies sched­
uled patients were injected into the system on MTTHF during the period of 
peak walk-in patient input. In addition, since four to six patients were 
given the same appointment time, the input of scheduled patients occurred 
in blocks. It seemed reasonable to hypothesize that as a result of these 
policies, the patient waiting times and hence the time spent in the sys­
tem were at an unnecessarily high level. Furthermore, two observations 
were made concerning the operating policies on Wednesday. First, it ap­
peared that the clinic was operating at far too small a patient load on 
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Wednesdays, especially during the winter season. Even with only two ped­
iatricians on duty in the clinic, less than half of the available pedia­
trician time was scheduled for examinations. Since the patient input was 
subject to scheduling on Wednesday mornings, the results of the literature 
survey seemed to indicate that the policy of scheduling appointments in 
blocks of up to eight patients simultaneously might be unnecessarily in­
flating the time spent in obtaining medical services. 
The alternate set of policies was developed for the purpose of at­
tempting to correct whatever undesirable effects these aspects of the ex­
isting policies might have upon the time spent in obtaining medical ser­
vices within the system. Salient features of the alternate set of poli­
cies which was developed were as follows: 
1. Where sufficient pediatrician time was available, all patients 
scheduled during a week were given appointments on Wednesday morning. It 
was felt that the benefits of this change would be twofold. First, more 
effective use would be made of pediatrician time on Wednesday morning 
while removing a potential source of additional waiting for MTTHF walk-in 
patients. Second, this change had the desirable effect of negating the 
need to expose well-baby patients currently being examined on MTTHF to the 
possible ill effects of having to sit in the waiting room with sick child­
ren on those days. 
2. Where conditions of patient input and the number of pediatric­
ians in the clinic made the movement of all MTTHF scheduled patients to 
Wednesday morning impossible due to an insufficient amount of pediatrician 
time on that day as many scheduled patients were shifted to Wednesday as 
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pediatrician time would allow, and the remaining MTTHF scheduled patients 
were given appointments during periods of lower demand on MTTHF, e.g. 
during the late morning and mid-to-late afternoon. 
3. Block scheduling of appointments was abandoned in favor of an 
individualized system of appointments. The general rule of the new sys­
tem was to schedule patients individually at intervals equal to the mean 
service time for the particular classification of patients. The develop­
ment of this rule represented an attempt to make use of a technique which 
was widely advocated for scheduled clinics in the literature (see Chapter 
II). The anticipated result of this change is aptly stated by Johnson 
and Rosenfield. "Any appointment system that provides for staggered ar­
rivals of patients, whether on an individual or time wave basis, has the 
effect of reducing patient waiting time..."[25] Besides the expected re­
duction in waiting time for scheduled patients, it was anticipated that 
the Wednesday morning scheduled sessions would be shortened as a result 
of the individualized appointment system. This would permit the Wednesday 
afternoon walk-in sessions to begin earlier. It was expected that this 
would have the effect of reducing the time spent in obtaining medical ser­
vices by Wednesday afternoon walk-in patients. 
A completely randomized factorial experiment was selected. Each 
of the four factors (N, I, D, and S) was considered at the number of levels 
discussed above. Hence, the experiment consisted of 48 different experi­
mental conditions ( 3 X 4 X 2 X 2 ) . Preliminary observation of the exist­
ing system indicated that considerable variability could be expected un­
der the same set of experimental conditions; hence, it was decided that 
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three observations would be taken under each of the 48 experimental con­
ditions. This resulted in a total of 144 simulation runs. Each run sim­
ulated a full day of system operation. In order to completely randomize 
the 144 observations, a different random number seed was selected for each 
run from a table of random numbers. 
The mathematical model for this experiment and design was 
Y. ., .. = | i + N . + 1 . + N I . . + D . + ND.. + ID.. + NID. .. + , . N + e / • • i i \ ljklm p l j ij k lk jk ljk l(ijk) m(ijkl) 
where 
^ijklm represents the response (mean time spent by pediatric walk-
in patients in obtaining medical services within the sys­
tem) 
|i represents a common effect for the experiment 
N^ represents the number of pediatricians in the system where 
i = 2, 3, and 4 
Ij stands for the input level where j = 1, 2, 3, and 4 
D represents the day type where k = 1 and 2 
S w . „ l N stands for the alternative sets of operating policies l(ijk) 
where 1 = 1 and 2 
e represents the random error in the experiment where m = m(ijkl) 
1, 2, and 3 
The other terms denote the interactions between the factors N, I, and D. 
Analysis of Results 
The results of the experiment are given in Appendix III. Table 9 
of this appendix shows the system response in terms of the primary measure 
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of system effectiveness, the mean time spent in obtaining medical services 
for pediatric walk-in patients. Point estimates of this measure of ef­
fectiveness for each of the 48 experimental conditions were obtained by 
taking the sample mean of the three observations which had been taken un­




— 1=1 x = n 
where 
represents the response based upon the simulation of a full day 
of system operation, i = 1, 2, and 3 
n represents the number of observations in the sample (n = 3) 
I 
The sample mean, x, is an unbiased and consistent estimator of the true 1 
I 
I 
mean of the population. The values of these estimates are shown in Table 
4. Point estimates of the mean time spent by scheduled patients in ob­
taining medical services and the average utilization of pediatricians were 
I 
computed in the same manner and are shown in Table 5 and Table 6, respec­
tively. 
A four-way Analysis of Variance (ANOVA) was conducted for the pri­
mary measure of effectiveness data shown in Table 9 of Appendix III. The 
ANOVA is summarized in Table 7. In applying the ANOVA to these data, it 
was assumed that LL was a fixed constant and that the errors were independ­
ent and normally distributed with common variance. Since the levels of 
each factor in the model were fixed, the tests for significance were 
straight-forward. All tests were made by using the error mean square in 
Table 4 . Mean Time Spent by Pediatric Walk-In Patients in Obtaining Medical Services 
Number of Present Summer Present Winter 2 5 % Increase 2 5 7 o Increase 
Pediatricians Input Level Input Level To Summer Input To Winter Input 
M W M W M W M W 
2 6 4 . 1 3 4 6 . 9 9 9 5 . 0 8 5 4 . 4 4 9 5 . 4 6 5 0 . 1 2 1 1 7 . 0 6 8 5 . 4 3 
3 3 0 . 7 8 3 2 . 2 4 4 3 . 3 6 3 5 . 0 1 4 0 . 3 6 3 9 . 3 8 5 7 . 6 7 5 0 . 5 9 
4 2 8 . 3 5 2 6 . 1 2 3 2 . 0 4 3 2 . 9 4 2 6 . 5 2 3 2 . 5 6 3 5 . 8 4 . 3 5 . 8 9 
2 3 1 . 9 6 4 7 . 7 0 6 0 . 0 7 3 0 . 0 8 5 2 . 9 1 4 9 . 6 9 9 4 . 4 5 7 3 . 3 0 
3 
4 2 3 . 6 9 1 9 . 6 4 2 7 . 0 2 2 5 . 6 1 2 4 . 6 9 2 1 . 2 5 3 2 . 2 0 1 9 . 0 7 
Present 
Policies 
2 4 . 1 4 2 2 . 2 9 3 4 . 4 1 2 1 . 7 4 3 0 . 1 5 4 0 . 0 9 4 1 . 6 7 2 8 . 2 8 Suggested 
Policies 
Table 5. Mean Time Spent in Obtaining Medical Services for Scheduled 
(Well-Baby and Routine Physical) Patients 
Number of Present Summer Present Winter 25% Increase 25% Increase 
Pediatricians Input Level Input Level To Summer Input To Winter Input 
M W M W M W M W 
2 30.58 24.57 25.54 25.11 28.14 26.28 30.89 31.76 
3 23.00 18.78 16.39 18.50 22.58 21.35 20.57 22.93 
4 18.52 15.65 22.32 15.91 16.65 19.09 20.42 19.64 
2 13.25 18.11 N/A 15.72 22.43 15.92 N/A 17.45 
3 
4 N/A 13.67 N/A 10.94 N/A 14.25 N/A 12.24 
Present 
Policies 
N/A 15.27 N/A 11.32 N/A 15.92 N/A 13.91 Suggested 
Policies 
4> 
Table 6. Average Utilization of Pediatricians 
Present 
Policies 
Number of Present Summer Present Winter 2570 Increase 25% Increase 
Pediatricians Input Level Input Level To Summer Input To Winter Input 
M W M W M W M W 
2 80.42 55.69 96.83 73.71 95.60 74.26 96.95 80.14 
3 51.02 32.51 71.16 43.14 66.27 61.86 82.09 55.35 
4 34.58 24.00 53.98 37.25 48.64 38.66 63.35 42.56 
2 63.13 78.22 90.94 81.02 91.55 80.09 95.53 90.29 
3 40.02 64.17 66.24 53.12 58.02 71.26 74.44 65.99 Suggested 
Policies 
4 31.25 46.86 40.96 42.31 37.90 57.45 58.42 46.93 
56 
Table 7. ANOVA for Time Spent in Obtaining Medical 
Services for Pediatric Walk-in Patients 


































































the denominator of the F test. More detailed descriptions of the tech­
niques employed in the ANOVA can be found in Hicks[26,27]. 
The sources of variation were tested at the one percent level of 
significance. The results show a significant operating policies effect, 
S. The three-way interaction was not found to be significant; however, 
all of the other main effects and the two way interactions between them 
were found to be significant. It can be concluded from these results that 
a substantial reduction in the time spent by pediatric walk-in patients 
in obtaining medical services can be achieved by adopting the suggested 
operating policies. It can also be concluded that there are real varia­
tions in the response due to each of the two-way interactions and each 
main effect. The existence of the large interactions indicates that the 
effect of each of the factors N, I, and D is dependent upon the level of 
each of the others. In the case of the interactions involving D, these 
dependencies were induced by the policy changes which were made. Under 
the rules which were developed for the change in policies, as many as 
possible (in most cases all) of the scheduled patients being examined on 
MTTHF under the existing policies were shifted to the Wednesday morning 
scheduled session. Hence, the number of patients examined on MTTHF was 
reduced by a factor which was dependent upon the input level and the num­
ber of pediatricians in the clinic, while the number of patients examined 
on Wednesday afternoon was not affected. 
Some insight into the main effects and the NI interaction can be 
gained by an examination of the graphical displays shown in Figures 10 
and 11. The three displays in Figure 10 show the response as a function 
Figure 10. Mean Time Spent by Pediatric Walk-in Patients 














Present Increased Present Increased 
Summer Summer Winter Winter 
Figure 10. Continued 
Figure 11. Mean Time Spent by Pediatric Walk-in Patients 
in Obtaining Medical Services on Wednesday 
ON 
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1 1 1 r*- I 
Present Increased Present Increased 
Summer Summer Winter Winter 
Figure 11. Continued 
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of the input level with N and D held constant. The curves labeled C re­
present the responses obtained under current operating policies, and those 
labeled S indicate the responses for the suggested set of policies. The 
gaps between the two curves in each set illustrate the sizeable operating 
policies effect. The gap is largest for a two-pediatrician clinic and de­
creases as the number of pediatricians increases. This suggests that the 
benefit which can be achieved by revising the operating policies decreases 
as the number of available pediatricians increases. The trend in each of 
the MTTHF curves over the four levels of input indicates the expected in­
put level effect; as the input level increases, the mean time spent in 
obtaining services rises. The increase in response is largest at the low 
level of staffing (two pediatricians), smaller at the intermediate staff­
ing level (three pediatricians), and smallest for the high level of staff­
ing (four pediatricians). This suggests an explanation for the NI inter­
action. The response is quite sensitive to variations in the input level 
for a two-pediatrician clinic, but it becomes less sensitive as the number 
of a v a i l a b l e pediatricians increases. 
Examination of the curves for Wednesday walk-in operation (see Fig­
ure 11) reveals the same basic patterns noted for MTTHF with the excep­
tion that at the low and intermediate levels of staffing there is little 
difference in the responses for the two sets of operating policies at sum­
mer input levels. Recall that under the suggested operating policies as 
many as possible of the MTTHF scheduled patients were given Wednesday 
morning appointments. Since no patients were scheduled for Wednesday af­
ternoon under the existing policies, any benefit achieved for these pa­
tients as a result of the change in policies was brought about as a result 
63 
o f a more efficient Wednesday morning scheduled operation which permitted 
the afternoon walk-in patient service to begin earlier. Though the change 
from a block appointment system to an individualized system resulted in a 
more efficient and hence shorter Wednesday morning scheduled session, the 
increase in the number of patients which were scheduled for services during 
the session tended to offset this advantage, especially during the summer 
season when routine physical examinations as well as well-baby examinations 
were scheduled. The overall result was that the duration of the Wednes­
day morning session was approximately the same for the two sets of poli­
cies during the summer season. Thus Wednesday afternoon walk-in service 
during the summer season was approximately the same under the two sets of 
policies. Since there was less demand for scheduled services during the 
winter months, the improvements brought about by the individualized ap­
pointment system more than offset the increase in the number of patients 
scheduled; hence, the Wednesday morning session ended earlier. The result 
was an improvement in service for Wednesday afternoon walk-in patients 
d u r i n g the w i n t e r s e a s o n . 
Though this analysis has focused upon the improvement in the pri­
mary response, the mean time spent by walk-in patients in obtaining med­
ical services, it is also important to note the accompanying performance 
of the system in terms of the secondary measures of effectiveness. Table 
10 of Appendix III shows the response of the system in terms of the mean 
time spent in obtaining medical services for scheduled payients. An im­
portant aspect o f the comparison between the two sets of operating poli­
cies was the performance of the system during the Wednesday morning 
64 
scheduled sessions. A three-way ANOVA was conducted to analyze the ef­
fects of N, I, and S upon the time spent by scheduled patients in obtain­
ing medical services during these session. The assumptions and procedure 
described earlier applied to this analysis. The model was 
Y. - = u, + N. + I. + NI. . + S W . . N + e w . . n ijkl i J ij k(ij) l(ijk) 
Y. , denotes the response 
ijkl 
|i, N^, ly and N I ^ represent the same factors and levels described 
for the previous ANOVA 
S. . * stands for the operating policies where k = 1 and 2 k(ij) 
e, N represents the random error 
The ANOVA is summarized in Table 8. The sources of variation were tested 
at the one percent level of significance. The results showed a signifi­
cant operating policies effect, S. The two-way interaction NI was found 
to be not significant. The main effects N and I were both found to be 
significant. It can be concluded from these results that the operating 
policies (in this case the switch to an individualized appointment system) 
have a very decided effect upon the time spent by scheduled patients in 
obtaining medical services during the Wednesday morning session. The gaps 
between the curves in Figure 12 illustrate the sizeable policies effect. 
It should be recalled that the reduction in response under the suggested 
set of policies was achieved in spite of a sizeable (25 percent or 
greater) increase in the number of patients examined during the session. 
Responses of the system in terms of the utilization of pediatricians 
65 
Table 8. ANOVA for Time Spent in Obtaining Medical 
Services for Scheduled Patients During 
Wednesday Morning Sessions 
Source SS df MS F F 
Oi = -01 
N 561.44 2 280.72 48.74 5.10 SIG 
I 116.31 3 38.77 6.73 4.25 SIG 
NI 34.90 6 5.82 1.01 3.22 N S 
S(NI) 1082.22 12 90.19 15.66 2.60 SIG 
Error 276.56 48 5.76 
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PW 
PS = Present Summer 
IS = Increased Summer 
PW = Present Winter 
IW = Increased Winter 
Figure 12. Mean Time Spent by Scheduled Patients in Obtaining Medical 
Services During Wednesday Morning Session CT* CT* 
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and the clinic closing time are shown in Tables 11 and 12 respectively of 
Appendix III. Though these data are presented without analysis for the 
reasons given in the beginning of this chapter, two points are worthy of 
note: 
1. With respect to the utilization of pediatricians, there ap­
pears to be no basis for a choice between the existing and suggested sets 
of policies. Since the same number of patients is seen on a weekly basis 
under each set of policies, the total number of pediatrician hours re­
quired per week is the same for each. 
2. There appears to be no basis for a choice between the two sets 
of operating policies based upon the clinic closing time data. The only 
noticeable effect upon this response occurred at the low level of staff­
ing under the two highest levels of input. In each of these cases, the 
performance of the suggested set of policies is at least equal to that of 
the existing policies. 
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CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
It should be reiterated that this research was concerned with an­
alyzing the operation of a specific outpatient system. Consequently, the 
results and conclusions contained herein are directly applicable only to 
that system. 
Conclusions 
1. The data collection and model building effort described in this 
study resulted in the development of a model which proved to be adequate 
for the accomplishment of the research objectives. 
2. Estimates of the mean time spent by pediatric patients in ob­
taining medical services within the system were obtained from the data 
generated by the model and are presented in Tables 5 and 6. 
3. The number of pediatricians available for duty in the system 
has a significant effect upon the mean time spent in obtaining medical 
services by walk-in patients. The mean time decreases as the number of 
pediatricians is increased. This reduction in response is dependent upon 
the level of input; a larger decrease occurs as the input level increases. 
4. The level of input has a significant effect upon the mean time 
spent by walk-in patients in obtaining medical services within the system. 
As the input level rises, the mean time increases. The amount of increase 
in the primary measure of effectiveness varies according to the staffing 
level; a smaller increase occurs as the number of pediatricians increases. 
69 
5. A significant reduction in the mean time spent by walk-in pa­
tients in obtaining medical services within the system can be achieved by 
adopting the modifications to existing patient scheduling policies which 
are proposed in this study. 
6. The mean time spent by scheduled patients in obtaining medical 
services during the Wednesday morning sessions can be significantly re­
duced by replacing the existing block appointment system with the proposed 
system of individual appointments in which the interval between appoint­
ments is based upon the mean service time and the number of pediatricians 
available for duty in the system. 
Recommendations 
1. The results of this study indicate that the modifications to 
current operating policies which were developed during the course of this 
investigation should be implemented in the system. It is believed that 
the implementation of these changes will result in a significant reduction 
in the mean time spent in the system by pediatric patients at no cost in 
terms of the secondary measures of effectiveness. 
2. Based upon the results of this study and the experience gained 
during the course of the investigation, it is recommended that the system 
continue to operate with three assigned pediatricians. It should be 
pointed out that at this level of assigned staffing the system would ac­
tually operate at the two-pediatrician level for approximately 90 days per 
year since each assigned pediatrician is authorized 30 days of annual 
leave. At the current level of input the reduction in the mean time spent 
in the system by pediatric patients which could be achieved by the addition 
70 
of an additional pediatrician does not appear to offset the associated 
costs. 
3. The model which was developed during the course of this study 
represents a potentially valuable resource which can be used by hospital 
management to investigate the probable consequences of modifications which 
may be proposed in the future or the impact of anticipated changes in sys­
tem parameters. The model is sufficiently flexible to permit the investi­
gation of a variety of situations and proposed system configurations with 
only minor modifications. 
Recommendations for Further Study 
1. The model which was developed during the course of this study 
could be used as the initial building block in the construction of a com­
plete hospital model. The method of attack and techniques of data collec­
tion and model building presented herein are readily adaptable to such an 
undertaking. The benefits and costs which would be associated with the 
construction of such a model merit careful consideration. 
2. The investigation of methods which might be used to modify the 
characteristics of walk-in patient input would be a valuable addition to 
this research. It is this author's opinion that a substantial improvement 
could be achieved in each measure of effectiveness if methods could be de­
veloped which would have the effect of leveling the patient arrival rate. 
APPENDIX I 
GPSS BLOCK DIAGRAM 
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47b SPLIT 476 400 476 HULJ 11 • 7̂7 ~4"77 LOGIC Sll 47P, 476 ADVA! CE 479 6000 479 LOGIC J 11 484 480 HOLl) 32 4R1 461 LOGIC sa2 48? 4ri2 ADVMI CE 4*3 6000 4tti LOGIC M2 484 464 TERMINATE 3bU GEMLKATE 120"0 1 7 351 351 SPLiT 355 35? 35b AUVAI.CE 356 1 356 HOLD 10 370 1000 352 SPLIT 357 35Q 357 ADVANCE 35P 1 F>!45 356 HOLu 11 370 1000 359 ADVA! CE 360 1 F̂'45 3b0 HOLD 1 2 370 1000 370 TERMINATE 61b ORIGINATE 0 1 127 61.9 1 619 SPLIT 620 621 620 HOLJ 32 622 isoô  621 HOLu 33 62? 18000 622 TER< U NATE * MAIN PROGRAM 10 GENERATE 11 11 SEIZE 50 1? 12 ASIGN 11 FN16 13 •11 F'2ft 13 RELL/SE 50 15 lb ASIGN 14 Kl 40 17 GENEKATE 18 16 SEIZE bl 19 19 ASIGN 11 FN19 20 *ll FM20 20 RELEASE 51 21 21 MaRK ?3 23 ASSifeN b K10 nfTH 25 22 22 TERMINATE 2b CON'Pa re Cl Ll. K480O0P'->TH 30 3b 30 COMP/RE Ci GE K33000 31 31 ASIGN Ki 35 35 ADVAf-CE .Ol=i 40 700 40 QUEUE 20 r̂TH 41 42 10 QTABLE 20 0 100 20 41 HOLU 20 N)OTH 43 50 1 HM7 42 HOLU 21 rcth 43 50 1 FM7 43 COMP/RE Fl4 E Kl 44 44 TERMINATE 50 TABULATE 1 55 1 TABLE NI 100 100 20 55 ADVANCE 100 100 70 GENERATE 30 0 0 4 71 71 ASIGN b Ml. 90 80 Gc.Ni.hATE 9000 b *1 81 ASIGN K12 90 90 QUEUf; 1 91 i~ QTAtiLE j. 0 100 20 
85 
91 HULL) 1 92 160 
92 PRIORITY 5 120 
100 QUEUL 1 10] 
101 HOLU) 1 .121 120 110 100 
110 PR I OH ITY 3 FN 24 110 
I U ASSIGN 2 KIR 121 
112 ASSIGN 2 KLJ 121 
_LL3 ASSIGN 2 K12 121 
120 ASSIGN 2 FN 4 121 
121 ENTER r 122 122 MARK 1 P7 150 ISO COMPARE CL GE K3000 RCTH 155 180 LBB COMPARE M453 E KL BOTH 160 200 
160 COMP/RE P2 NE KO 161 
161 GATE LR*2 162 
_162 GATE i.U*2 163 
LB3 LEAVE 2 164 
164 TABULATE 2 170 
2 TABLE : P7 0 500 21 
170 HOLD *2 ALL 498 500 1 F"*5 
COMPARE P5 E KLL 175 
499 COMP/RE P5 E KL.2 175 
17B TABULATE u 176 9 TABLE <1 500 500 20 17B TERI-LJNATE 
LDU AUV/U CE N°TH 181 182 
162 AUVNL-.CE BOTH 155 190 
J,AI COMP/RE P2 NE KO BOTH 185 161 
1«5 COMP, RE 
Pd 
E K10 186 
18B ASSIGN C KO 
1 on 190 COMPARE V4 L K6 191 191 LEAVE 2 19? 
192 TABULATE 2 195 
19B ASSIGN 4 FN2 410 
200 AQVMI CE ALL 210 212 
210 COMPARE CL L K25500 218 
211 COMPARE l'.434 E K3 40C 
212 COMHV RE f.'4 3 + G£ KI BOTH 23N 260 
21^3 COMPARE V3 L KJ 4 F>0JH 219 401 
219 COMP/'RE V6 G KO 200 
23U COMP; RE I-.484 E K2 ALL 233 235 
233 COMPARE V7 E K6 PCTH 23P 240 
239 COMPARE F 484 G K2 200 
240 COMP.' RE VE L K23 ?41 
241 LEAVE 24? 
_2_42 TABULATE- 2 ?43 
243 ASSIGN U FN25 410 
234 COMP/RE V7 E K10 NOTH ?3Q 250 
2BU COMPARE V9 L K?2 251 
251 LEA VE 2 25? 
252 TABULATE <.' ?53 
253 ASSIGN 4 FNT 6 410 
23B AOVMNCE BCTH 23° 255 
25B COMPARE V10 L K?L 261 
2BL LEAVE 262 
262 TABULATE c 263 
263 ASSIGN 4 FN, 7 410 
86 
260 ADVA; CE ALL 270 27? 
270 COMPARE N473 E KL ROTH 275 280 
275 COMPARE" N48 + G KL 200 
2eo COMPARE F 10 E KO 281 
2a i LEAVE 2 282 








E KL nCT'H 
410 
275 290 290 COMP'RE H I E KO 291 
291 LEAVE 2 29? 
292 TABULATE 2 ?93 
293 ASSIGN 4 KIL 410 
272 COMPARE 1.483 E KL ROTH 275 300 
300 COMP'RE F12 E KO 301 
301 LEAVE 2 30? 











401 LEAVE c 402 402 TABULATE 2 403 403 ASSIGN 4 FN3 410 
410 HOLJ *4 411 1 F M*5 
411 ABSLON 2 P4 ALL 498 500 
500 AUVAR CE FN 9 510 
510 ALWAI.CE BOTH 560 56? 
490 GENERATE 494 
494 SEIZE 52 49* 

















511 MARK MP 6 BOTH 529 530 
529 COMP/ RE F12 E KL 531 











0 100 21 
RCTH 538 53° 1 FN 6 
539 COMP, RE P13 E KL 54Q 
549 TA3ULATE *4 550 
4 TABLE T HI-; BDO 500 5 
550 TERMINATE 
539 TABULATE D BGTH 560 BB2 
5 TABLE R- P6 1JC 500 5 
560 COMPARE P3 L KL 565 


























<'• 1 5J0 500 5 N 
550 
512 AUV W.CE ROTH 585 586 
585 COMPARE P12 E K1 5QO 
56O PR I OKITY U 590 
59U AUV.'INCE 591 200 5N 
591 MMR'\ . 
87 
59b GENERATE 597 597 SEIZE 53 5op 59b ASIGN 11 FN32 599 • 11 Fr 20 _599 KELcASE 53 50f, 596 600 SI  QuEufc" 14 Kl AL  60 604 606 
14 
604 
GTAbLE HOLu 6 31 0 5̂00 5 610 1 F"8 6Cb HOLU 32 610 1 Ff'e Lb HOLu 33 61P 1 F'S 1013 QUEUE QTAdLE 7 7 0 100 11 615 




640 641 511 643 1 FN*5 
641 CUMP/-RE P3 E Kl 642 643 TABULATE 7 64Q 642 TABULATE 6 649 649 TERMINATE 513 
650 
ADVICE COPARE P12 E Kl ROTH ROTH 650 653 651 65? 
651 PRIORITY n t̂TH 653 65? 2 TERMINATE 653 COMPARE Cl L K450H0 660 6U ADVA.' CE BOTH 661 66? 1 FN'5 66i COMPARE P12 E Kl 665 662 PRIORITY i, 665 66b QUEU& 5 670 14 QTAoLE 0 500 5 67U HOLU *2 .380 6P.0 511 1 FN* 5 680 TABULATE f nOTH 683 661 COMPARE P3 E Kl 682 682 TABULATE f 699 660 TABULATE / 699 699 TER.'il NATE 700 701 PKIOKITY ASU-  £ 12 Kl B^TH 
701 70? 703 
702 CONP/ RE Cl GE K3000 710 703 TERMINATE 71U AuVAf CE AL  714 719 714 CONP/ RE N4 84 E K3 740 740 iNTchRUPT ] X 741 1 FN* 5 741 ASK N 2 Kl! 500 71b CuNP/RE V2 E K3 730 _730__ SAVEX 1 Vi 731 731 
732 
I.JTE UPT SSI< N lu 
2 
Kit 732 500 1 F"*5 7lo 717 CONP/'RE GATE Cl 
LR10 
L K250C 740 750 
750 iNTt̂RUPT 10 751 1 FM*5 
88 
751 ASSIGN e. Kl 5no 
71*3 GATE L K l l 7fsn 
76U INTLRRUPT 11" 761 1 "F r T*T 
761 ASSIGN ?. K l l 500 
719 ~ GATc LK12 770 
77U INTU-RUPT 12 771 1 F"*5 
771 ASSIGN 2 K12 500 
STAKT 1 
APPENDIX III 
EXPERIMENTAL RESULTS FOR MEASURES OF EFFECTIVENESS 
Table 9. Mean Time Spent in Obtaining Medical Services for Pediatric Walk-in Patients 
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Table 10. Mean Time Spent in Obtaining Medical Services for Scheduled 
(Well-baby and Routine Physical) Patients 
Present Summer Present Winter 25% Increase 257o Increase 
Input Level Input Level to Summer Input to Winter Input 
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Table 11. Average Doctor Utilization 
Present Summer Present Winter 25% Increase 257o Increase 
Input Level Input Level to Summer Input to Winter Input 




90.94 73.93 76.40 
51.40 47.02 54.65 
29.67 38.06 36.01 
58.17 53.48 55.42 
27.87 32.57 37.10 
23.85 24.82 23.32 
96.96 96.79 96.75 
75.21 75.14 63.13 
61.70 43.58 56.67 
89.00 66.21 65.92 
44.78 38.08 46.57 
40.42 36.47 34.86 
95.52 94.75 96.54 
63.10 66.90 68.80 
44.76 48.40 52.77 
71.54 69.98 81.27 
53.45 79.47 52.65 
40.56 39.31 36.10 
99.01 97.21 94.63 
82.02 87.56 76.68 
60.58 59.83 69.64 
78.62 80.59 81.22 
58.45 51.95 55.64 
43.14 37.69 46.85 









55.60 62.30 71.50 
34.52 46.12 39.41 
24.25 36.15 33.36 
76.39 81.08 77.24 
63.42 64.97 64.11 
47.65 46.52 46.42 
89.79 94.81 88.22 
77.91 60.54 60.28 
34.70 39.66 48.53 
77.62 78.12 87.32 
50.34 59.11 49.90 
39.46 40.77 46.49 
89.99 90.71 93.96 
55.30 67.33 51.44 
40.11 35.44 38.15 
78.11 79.53 82.63 
70.26 71.35 72.18 
58.04 54.63 59.68 
95.87 95.61 95.12 
77.10 68.95 77.26 
60.87 55.12 59.27 
91.26 91.38 88.24 
67.23 64.29 66.46 
51.57 48.63 40.59 
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